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Abstract
The aim of the study – to evaluate the influence of different variants of anesthesia, including low-opioid (LOA) and opioid- 
free anesthesia (OFA), on the dynamics of the stress response during laparoscopic hysterectomy.
Materials and methods: 102 patients were randomly allocated into 3 groups: 37 women assigned to receive a standard opioid- 
based anesthesia (OBA group), 33 women – LOA group and 32 patients OFA group. 
Results: The patients of OFA group after induction and intubation of the trachea showed a significant (p < 0.05) increase in 
cortisol level by 155.4 % and 160.9 % compared with the OBA group and LOA group. After completion of the hysterectomy, regard-
less of the variant of anesthesia, the level of cortisol exceeded the preoperative one (pOBA = 0.116, pLOA = 0.049, pOFA = 0.043). Two 
hours after surgery with standard anesthesia (OBA group) there was a further increase in the concentration of cortisol in the blood, 
exceeding the initial values by 142.9 % (p = 0.043). Patients in the LOA group and OFA group tended to decrease cortisolemia. The 
changes in adrenaline & glucose levels were somewhat similar.
Conclusion: Use of OFA is accompanied by an aggravation of the stress response at the stage of hysterectomy, which is ma-
nifested by an increase in the level of adrenaline and cortisol. The most adequate perioperative protection is inherent in low-opioid 
anesthesia, which is accompanied by a lower release of stress hormones during hysterectomy and in the postoperative period. Opioid- 
based anesthesia provides adequate intraoperative protection, but is accompanied by insufficient postoperative analgesia.
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1. Introduction
Hysterectomy is the most common major gynecological procedure in women [1], but hys-
terectomy for enlarged uteri is considered a challenge for gynecologic surgeons, due to the limit of 
exposure to surgical spaces [2]. Minimally invasive approaches as total laparoscopic hysterectomy 
should be used wherever possible [1] as it is the standard of care in majority of women diagnosed 
with endometrial cancer [3] and is feasible for enlarged uteri.
Despite the achievements of medicine and pharmacology, the problem of antinociceptive 
protection of patients from acute surgical pain remains unresolved in anesthesiology and sur-
gery [4]. One of the main directions of development of modern anesthesiology is management of 
perioperative pain in order to limit the negative consequences of intra- and postoperative pain.
Opioids have been the «gold standard» of perioperative analgesia in most countries for many 
years. Traditionally, opioids have played a central role in balanced anesthesia, as they have helped 
control nociception and optimized hemodynamics [5], but have many side effects, such as respi-
ratory depression, postoperative nausea and vomiting (PONB), itching, constipation, and so on. 
These side effects prolong the patient’s hospital stay [6]. Opioid-induced respiratory depression is 
a major cause of opioid-related deaths [7]. Opioid side effects not only increase patient morbidity 
and poor perioperative course, but also increase the cost of care [8].
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From 2015 to 2020, many publications appeared on new side effects of narcotic analgesics: 
opioid-induced postoperative hyperalgesia [9], opioid-induced postoperative immunosuppression 
and cancer progression [10, 11], and opioid-induced reduction in the potency of local anesthetics [12]. 
Thus, opioid-related side effects and the problem of inadequate postoperative analgesia lead 
to the search for new methods of anesthesia without opioids or low-opioid anesthesia based on 
a multimodal approach to perioperative analgesia with non-opioid analgesics and adjuvants. It has 
been found that the use of OFA with nonsteroidal anti-inflammatory drugs, dexamethasone, lido-
caine and ketamine either reduces or avoids intraoperative and postoperative use of opioids in pa-
tients after laparoscopic gynecological operations [13]. Dexmedetomidine has also shown adequate 
analgesia in patients undergoing laparoscopic surgery [14].
This study raises the relevance of the issue of finding an alternative to opioid anesthesia in 
laparoscopic hysterectomy, taking into account the problems of conducting a comprehensive audit 
study of the dynamics of stress hormones in the postoperative period in gynecological medicine 
with appropriate analysis of strategic approaches in the search for topical anesthesia.
The aim of the study – to evaluate the influence of different variants of anesthesia, includ-
ing low-opioid (LOA) and opioid-free anesthesia (OFA), on the dynamics of the stress response 
during laparoscopic hysterectomy.
2. Materials and methods
This study is work performed on the base of the Kyiv City Center for Reproductive and 
Perinatal Medicine (Ukraine) during 2018–2020.
An open comparative method was used in the study in accordance with the requirements 
of the Pharmacological Committee of the Ministry of Health of Ukraine for limited clinical trials.
The study protocol was approved by the Local Ethical Committee by Shupyk National Med-
ical Academy of Postgraduate Education No. 10 dated 20.11.2017 and the patients signed written 
fully informed consents in accordance with the Declaration of Helsinki.
All women assigned for hysterectomy were eligible for evaluation; the patients with ASA 
grade > II, body mass index (BMI) > 35kg/m2, cardiac or chest diseases, previous open abdominal 
surgery, hypersensitivity to the drugs to be used were excluded from the study. All eligible women 
were clinically evaluated for demographic and baseline clinical data collection, underwent labora-
tory and radiological workup for assurance of inclusion and exclusion criteria.
102 patients were randomly allocated into 3 groups. The first control group included 37 wo-
men (aged 35–62, on average 47.4 ± 10.3 year) assigned to receive a standard opioid-based anes-
thesia (OBA group), the second group included 33 women (aged 37–59, on average 46.6 ± 7.4 year) as-
signed to receive low-opioids anesthesia (LOA group) and the third group included 32 patients (aged 
38–60, on average 47.6 ± 8.1 year) assigned to receive opioids-free anesthesia (OFA group). 
Anesthesia protocol in the control (OBA) group: dexketoprofen 50 mg IV to 10 minutes be-
fore surgery, induction – fentanyl – 2 mcg/kg+propofol – 1.5 mg/kg+atracuria besylate – 0.3 mg/kg, 
followed by tracheal intubation and artificial ventilation of the lungs (AVL). During surgery, ven-
tilation was controlled with a tidal volume of 6-8ml/kg, and the ventilatory rate was adjusted to 
maintain EtCO2 of 30–35 mm Hg. Patients were continuously non-invasively monitored for MAP 
and HR. Anesthesia was maintained by inhalation of sevoflurane 2.0–2.5 vol % until the MAC 
reached 0.9–1.0, and infusion of fentanyl 3–5 mcg/kg/h.
Anesthesia protocol in the low-opiod (LOA) group: dexketoprofen 50 mg IV to 10 min-
utes before surgery, induction – fentanyl – 2 mcg/kg+propofol – 1.5 mg/kg+atracuria besylate – 
0.3 mg/kg+ketamine 12.5 mg, followed by tracheal intubation and artificial ventilation of the 
lungs (AVL) with a tidal volume of 6–8 ml/kg, and the ventilatory rate was adjusted to maintain 
EtCO2 of 30–35 mm Hg. Anesthesia was maintained by inhalation of sevoflurane 2.0–2.5 vol % un-
til the MAC reached 0.9–1.0, and infusion of ketamine 2–3 mkg/kg/min+fentanyl 1.5–2 mcg/kg/h+ 
+IV paracetamol – 1000 mg before the end of surgery. 
Anesthesia protocol in the opiod-free (OFA) group: gabapentin 600 mg 2 hours before 
surgery; dexketoprofen 50 mg IV to 10 minutes before surgery + lidocaine 1,0 mg/kg+dexmedeto-
midine 1.0 mkg/kg+dexamethasone – 8 mg. Induction – propofol – 1.5 mg/kg+atracuria besylate – 
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0.3 mg/kg+ketamine 12.5 mg, followed by tracheal intubation and artificial ventilation of the 
lungs (AVL) with a tidal volume of 6–8 ml/kg, and the ventilatory rate was adjusted to maintain 
EtCO2 of 30–35 mm Hg. Anesthesia was maintained by inhalation of sevoflurane 2.0–2.5 vol % 
until the MAC reached 0.9–1.0, and infusion of ketamine 2–3 mkg/kg/min+lidocaine 1.0 mg/kg/h+ 
+dexmedetomidine 0.6 mkg/kg/h+IV paracetamol – 1000 mg before the end of surgery.
The hormonal homeostasis was studied by determination of cortisol concentration in the 
serum of women by enzyme-linked immunosorbent assay with the use of standard kits (Cortisol 
ELISA, DRG, Germany) and the level of adrenaline in the serum of patients – by high-performance 
liquid chromatography with an electrochemical detector. In addition, with the use of glucometer 
Finetest Auto-coding Premium (S. Korea) the dynamics of blood glucose level the was examined 
in an indicator of the impact of perioperative stress. 
Studies were conducted at five phases: preoperative, after induction of anesthesia and tra cheal 
intubation, traumatic phase of surgery (hysterectomy), 2 hours after the end of surgery, 24 hours 
after the end of surgery. 
Statistical processing of the data obtained was carried out with the use of software pack-
age STATISTICA 10.0 (StatSoft, USA) and Primer of Biostatistics 4.03. Statistical analysis of the 
primary database conducted using the methods of parametric and nonparametric statistics. Check-
ing the normality of the distribution of quantitative indicators conducted using the Kolmogo rov-
Smirnov criterion. Quantitative data with normal distribution are presented as the mean arithme-
tic and standard deviation (M ± SD). For statistical analysis used the method of Kraskel-Wallis, 
Mann-Whitney U-test, Wilcoxon test. The value of p < 0.05 was considered statistically significant.
3. Results
When comparing anthropometric indicators, we found no difference between the study 
groups by age, growth and body mass index (BMI) (Table 1). 
Table 1
Distribution of patients by demographic and anthropometric indicators, M (SD)
Indicator OBA (n = 37) LOA (n = 33) OFA (n = 32) р
Age, years 47.4 (10.3) 46.6 (7.4) 47.6 (8.1) 0.921
Growth, cm 163.8 (5.8) 164.4 (4.9) 164.1 (6.3) 0.932
Weight, kg 68.2 (13.2) 67.3 (9.8) 67.7 (14.3) 0.956
BMI, kg/m2 25.4 (4.7) 24.9 (3.8) 25.0 (4.5) 0.896
The formation of a stress response is always accompanied by an increase in the activity of 
the sympatho-adrenal and hypothalamic-pituitary-adrenal systems with an increase in the level of 
biologically active amines and hormones in the blood. We studied common surgical stress markers: 
cortisol, adrenaline, and blood glucose concentrations [15].
In the study of stress markers there was found, that preoperative serum concentrations of 
cortisol, adrenaline, and glucose were 203.9 (158.0; 236.9) ng/ml, 414.4 (287.4; 507.5) pmol/l, and 
4.60 (4.00; 5.10) mmol/l, respectively, and corresponded to the norm (p = 0.735; p = 0.678 and p = 0.593, 
respectively), which indicated the absence of stress while awaiting surgery in patients of all groups.
The study of endocrine-metabolic changes that characterize the stress response showed, that the 
level of cortisol changed statistically significantly in the study stages within the groups, and depended 
on the variant of anesthesia (p = 0.038) (Table 2). Thus, patients of OFA group after induction and intu-
bation of the trachea showed a significant (p < 0.05) increase in cortisol level by 155.4 % and 160.9 % 
compared with the OBA group and LOA group, which indicated an insufficient level of stress protec-
tion in the absence of opioids. After completion of the traumatic phase of surgery (hysterectomy), re-
gardless of the variant of anesthesia, the level of cortisol exceeded the preoperative one (pOBA = 0.116, 
pLOA = 0.049, pOFA = 0.043) without statistical difference between the groups (p = 0.759). Two hours 
after surgery with standard anesthesia (OBA group) there was a further increase in the concentration 
of cortisol in the blood, exceeding the initial values by 142.9 % (p = 0.043), which indicated inadequate 
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postoperative analgesia in these patients. Patients in the LOA group and OFA group tended to decrease 
cortisolemia. It was most significant in women of the OFA group, which indicated high-quality analge-
sia affected by multimodal analgesia. 24 hours after surgery cortisol levels decreased to preoperative 
ones and did not differ between the groups (p = 0.502).
The changes in adrenaline levels were somewhat similar (Table 3). Thus, patients of all 
groups after induction and intubation of the trachea showed a slight tendency to increase the level 
of adrenaline compared to its preoperative level, which can be explained by the relatively high 
preoperative levels of adrenaline due to psycho-emotional stress before surgery. After completion 
of the hysterectomy, regardless of the variant of anesthesia, the level of adrenaline exceeded the 
preoperative one (pOBA = 0.049, pLOA = 0.119, pOFA = 0.041) with statistical difference between the 
OBA group and OFA group in comparison with the LOA group, where the level of adrenaline was 
the lowest and did not differ statistically from the preoperative phase, which indicated the maxi-
mum stress protection in this group. Two hours after surgery with standard anesthesia (OBA group) 
there was a further increase in the concentration of adrenaline in the blood, exceeding the initial 
values by 32.2 % (p = 0.048), which indicated inadequate postoperative analgesia in these patients. 
Patients in the LOA group and OFA group tended to decrease adrenalinemia. It was most signifi-
cant in women of the LOA group, which indicated high-quality analgesia affected by multimodal 
analgesia. 24 hours after surgery adrenaline levels decreased to preoperative ones, did not differ 
between the groups (p = 0.602), and were significantly lower than in the previous phase.
Changes in glucose levels were similar, had no intergroup differences (p = 0.319), and did 
not depend on the variant of anesthesia (p = 0.499) (Table 4).
At the end of the main phase of surgery, regardless of the variant of anesthesia, the blood 
glucose level increased from the baseline one by 23.6 % (pOBA = 0.047), 19.8 % (pLOA = 0.076), and 
24.4 % (pOFA = 0.057). 2 hours after surgery, patients in the OBA group had a further increase in 
blood glucose concentration, with its level exceeding the preoperative one by 39.6 % (p = 0.001). 
In patients of the OFA group and LOA group, glucose levels decreased and did not differ from the 
baseline ones (p = 0.212 and p = 0.155, respectively). 24 hours after surgery, regardless of the va-
riant of anesthesia used, the glycemic level decreased and did not differ significantly from the base-
line one. At no stage of the study, the difference between the groups was statistically significant.
Table 2




Preoperative phase 204.4 ± 105.3 210.5 ± 99.1 196.3  ± 79.4
After induction of anesthesia and tracheal intubation 194.6 ± 126.5 189.9 ± 80.7 495.5 ± 211.8#*
Traumatic phase of surgery 395.5 ± 261.2* 408.9 ± 220.1#* 590.1 ± 230.4#
2 hours after the end of surgery 496.5 ± 182.2# 340.1 ± 195.6# 297.7 ± 153.3*
24 hours after the end of surgery 245.6 ± 152.1* 290.7 ± 130.8 306.9 ± 177.4
Note: # – p < 0.05 compared with the preoperative phase; * – p < 0.05 compared with the previous phase
Table 3




Preoperative phase 504.4 ± 105.3 570.5 ± 149.0 506.3 ± 177.5
After induction of anesthesia and tracheal intubation 496.7 ± 126.5 529.5 ± 180.7 505.5 ± 111.8
Traumatic phase of surgery 676.5 ± 169.6#* 608.9 ± 120.1 790.1 ± 230.4#*
2 hours after the end of surgery 666.7 ± 202.4# 544.1 ± 155.6 597.7 ± 143.7*
24 hours after the end of surgery 445.6 ± 123.1* 490.7 ± 120.2 407.9 ± 137.4*
Note: # – p < 0.05 compared with the preoperative phase; * – p < 0.05 compared with the previous phase
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Preoperative phase 4.71 ± 0.52 4.82 ± 0.56 4.84 ± 0.67
After induction of anesthesia and tracheal intubation 4.52 ± 0.70 4.36 ± 0.65 5.01 ± 0.77
Traumatic phase of surgery 5.53 ± 1.45*# 5.39 ± 1.26* 5.77 ± 1.34#
2 hours after the end of surgery 6.12 ± 1.89# 5.43 ± 1.02 4.97 ± 0.97
24 hours after the end of surgery 5.02 ± 1.21* 4.77 ± 1.09 4.31 ± 0.65
Note: # – p < 0.05 compared with the preoperative phase; * – p < 0.05 compared with the previous phase
4. Discussion
Recently, enthusiasm for the benefits of opioid-free analgesia has been justified by many 
randomized trials [9, 16–18], which provide strong evidence of adequate postoperative analgesia 
compared to opioid-based anesthesia. But there are still many problems that still need to be ad-
dressed in this matter [19]. A multimodal approach is part of a method that helps minimize the use 
of opioids in the perioperative period, but limited research on the ideal combination of non-opioid 
excipients, their appropriate doses and stress-protective effects.
It is well known that surgical trauma causes a stress response in the body and is a complex 
cascade of neuroendocrine, metabolic, coagulation, inflammatory and immune responses that in-
crease the body’s ability to recover. This multilevel response to stress depends on a number of 
endogenous and exogenous factors, namely age, sex, previous health, type and invasiveness of 
surgery, type of anesthesia, pain intensity, etc. [20]. The pathogenic nature of the surgical stress 
response has been proven, which significantly worsens the postoperative period and prolongs the 
rehabilitation time of patients. Surgical stress response is the main cause of postoperative dysfunc-
tion of various organs and systems, which dictates the need to find approaches to its correction [21]. 
In this regard, limiting the severity of the surgical stress response becomes one of the leading tasks 
of anesthesia and postoperative intensive care [22]. The response to «stress» begins with the acti-
vation of the hypothalamic-pituitary-adrenal axis and the sympathetic nervous system. This leads 
to increased secretion of adrenocorticotropic hormone, cortisol, catecholamines and inflammatory 
mediators. The role of cortisol in stressful situations is to temporarily increase energy production 
by limiting processes that are not required for immediate survival [23].
Cortisol is one of the most commonly used markers of adaptive response (stress). Plasma 
cortisol concentrations may increase 2–10-fold after induction of anesthesia, during surgery, and in 
the postoperative period and return to normal within 24 hours after surgery; however, depending 
on the severity of the surgical injury, it may remain elevated for 72 hours [24]. It is established that 
the degree of increase in the level of stress hormones in the blood is generally proportional to the 
severity of the injury. There is a clear relationship between surgical stress and cortisol, adrenaline 
and glucose levels in patients who have undergone surgery [23].
Adequate pain control cannot be achieved without the normalization of hormonal homeo-
stasis, which is why it is very important to study the stress response of the patient’s body using dif-
ferent anesthesia strategies during laparoscopic hysterectomy. This will help clarify the adequacy 
of stress protection for different anesthesia options. 
As it turned out in our study, general anesthesia did not completely eliminate the stress 
response due to surgical trauma, because the hypothalamus and pituitary gland respond to harm-
ful stimuli even with a deep level of anesthesia, but can limit it. This coincides with the data 
of I. Velickovic et al. [25]. The increase in the concentration of stress hormones in the serum 
during the operation occurred regardless of the anesthesia regimen. The most probable reason 
for this is the inability to provide absolute neurovegetative blockade with anesthetics used, and in 
patients with LOA and OFA group, possibly also due to the sympathomimetic action of ketamine.
The maximum increase against baseline cortisol, adrenaline and glucose levels in patients 
using standard OBA 2 hours after surgery is associated with the resumption of pain and activation 
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of the sympathetic component of the autonomic nervous system due to the short duration of the 
analgesic effect of fentanyl and lack of preventive analgesia. This was confirmed by the formation 
of moderate and severe postoperative pain and the need for «rescue» analgesia in the first hours 
after surgery. Thus, when conducting standard OBA, there is a lack of post-anesthetic analgesia. 
The decrease in the concentration of stress markers occurred on the 1st day after surgery and was 
accompanied by a decrease in the intensity of pain, which indicated a sufficient level of analgesia. 
Against the background of combined intraoperative use a small doses fentanyl and sub-narcotic 
doses of ketamine combined with dexketoprofen & paracetamol (LOA-group) at the end of the op-
eration, a decrease a levels of cortisol, adrenaline and glucose was observed 2 hours after surgery, 
and after 24 hours their concentration reached baseline. This was accompanied by the absence of 
pain during the stages of the study, indicated adequate postoperative analgesia and proved the ef-
fectiveness of the applied anesthesia regimen.
The analgesic properties of sub-narcotic doses of ketamine have been confirmed in many clini-
cal trials [26] and are due to the weakening of central sensitization caused by tissue damage and reduced 
development of tolerance to opioids. Nonsteroidal anti-inflammatory drugs do not have a direct effect 
on the classical stress response, but act on the synthesis of arachidonic acid metabolites, which are 
involved in various stages of the stress response [27], which requires further research in this direction. 
Study limitations. A limitation of our study is to the level of stress response for second days 
of the postoperative period.
Prospects for further research. To investigate the influence of different variants of anes-
thesia in laproscopic hysterectomy not only on the indicators of stress response of the body, but also 
on hemodynamics, postoperative pain and psychological satisfaction of patients and postoperative 
cognitive dysfunction, which will allow to draw more weighty conclusions about the advantages 
and disadvantages of this variants of anesthesia. 
5. Conclusions
1. The use of opioid-free multimodal anesthesia provides stress protection in the early post-
operative period, but during the traumatic phase of surgery (hysterectomy) the level of stress pro-
tection is insufficient, accompanied by an increase in cortisol and adrenaline at this phase.
2. The most adequate perioperative protection is inherent in low-opioid anesthesia, which is ac-
companied by a lower release of stress hormones during hysterectomy and in the postoperative phase.
3. Opioid-based anesthesia provides adequate intraoperative protection, but is accompanied 
by insufficient postoperative analgesia.
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